Moderate intensity pulse electric fields were applied in plum with the aim to increase bioactive compounds content of the fruit, while high-hydrostatic pressure was applied to preserve the purées. High-hydrostatic pressure treatment was compared with an equivalent thermal treatment. The addition of ascorbic acid during purée manufacture was also evaluated. The main objective of this study was to assess the effects on microorganisms, polyphenoloxidase, color and bioactive compounds of high-hydrostatic pressure, or thermalprocessed plum purées made of moderate intensity pulse electric field-treated or no-moderate intensity pulse electric field-treated plums, after processing during storage. The application of moderate intensity pulse electric field to plums slightly increased the levels of anthocyanins and the antioxidant activity of purées. The application of Hydrostatic-high pressure (HHP) increased the levels of bioactive compounds in purées, while the thermal treatment preserved better the color during storage. The addition of ascorbic acid during the manufacture of plum purée was an important factor for the final quality of purées. The color and the bioactive compounds content were better preserved in purées with ascorbic acid. The no inactivation of polyphenoloxidase enzyme with treatments applied in this study affected the stability purées. Probably more intense treatments conditions (high-hydrostatic pressure and thermal treatment) would be necessary to reach better quality and shelf life during storage.
INTRODUCTION
Plums represent an excellent source of nutrients which contribute significantly to human nutrition and are considered to be one of the most important commodities consumed worldwide (Melgarejo et al., 2012) . This fruit contains several important phytonutrients and has an effective antioxidant activity (Toma´s-Barbera´n et al., 2001) . A dietary increase of antioxidant defense capacity has been considered a reasonable way to prevent reactive oxygen species-mediated carcinogenicity (Bouayed et al., 2009) . Epidemiological and human studies indicate that a lower risk of cancer is related to antioxidant-rich diets (Block et al., 1992) . Phenolic compounds are known to contribute to the health benefits of fruits, and particularly, red anthocyanin-rich fruits are regarded as antioxidant favorites (Vizzoto et al., 2007) . One of the main concerns of humanity has always been the preservation of food. There are several traditional methods of food preservation, like dehydration or acidification. Thermal treatment (TT) has always been the most widely utilized method for food preservation due to its reductive effect on the spoilage microorganisms and enzymes, responsible for the alterations of food. Its impact also includes a reduction of pathogenic microorganisms that may cause serious diseases in humans (Holdsworth and Simpson, 2007) .
However, quality of food is adversely affected by heat treatments since degradation reactions are accelerated by temperature (Hayashi, 1990) . Nutritional compounds, such as vitamins or fatty acids and other beneficial compounds like pigments, polyphenols, antioxidant compounds, or flavors are affected by TTs (Barbosa-Ca´novas and Juliano, 2008) . Therefore, there is a need of development of alternative methods of processing which can increase microbiological stability, preserving nutritional characteristics and other bioactive compounds. Nonthermal processing methods such as high-hydrostatic pressure (HHP) processing or pulsed electric fields (PEF) may be a suitable process for this purpose (Barba et al., 2015a; OdriozolaSerrano et al., 2013; Saldana et al., 2014) . HHP utilizes the effect of high pressure (250-600 MPa), at temperatures sufficiently low to avoid the negative effects of traditional TTs, to inactivate microorganisms and enzymes, allowing obtaining safe, healthy, and convenient products, maintaining its sensorial and organoleptic quality (Barba et al., 2015b; Knorr et al., 2011; Patterson et al., 2008) . Food treated by nonthermal technologies may allow obtaining vegetable-based products with minor changes or increased content of health-related phytochemicals . However, the main objective of processing technologies cannot be ignored: avoid microbial deterioration (Barba et al., 2017) .
PEF technology is an emerging nonthermal food processing technology which involves the application of short duration of electric field pulses of high intensity to materials located between two electrodes (Raso and Heinz, 2006) . The aim of this type of processing is the preservation of food by the inactivation of microorganisms while preserving the initial quality. Moderateintensity pulsed electric fields (MIPEF) have been studied as a possible treatment to enhance the generation of secondary plant metabolites by inducing stress reactions in fruits (Vallverdu´-Queralt et al., 2013a) . Increases in phenolic and carotenoid concentrations as well as in the antioxidant capacity of MIPEF-treated tomato fruit were observed after treatments (Vallverdu´-Queralt et al., 2012 , 2013b .
In general, food preservation treatments involve the addition of antioxidant compounds that prevent enzymatic browning or other oxidative reactions. The most commonly used antioxidant substance is ascorbic acid (AA), as it is a generally recognized as safe substance. However, this antioxidant effect is dependent on several factors such as the system composition, the pH, and also to type of packaging material of the final product (Gliemmo et al., 2009) .
The application of HHP or MIPEF individually has been studied in different plant products; however, as far as we know, the combination of both technologies has never been previously analyzed. The aim of the application of MIPEF is the increase of bioactive compounds content in the fruit, while HHP was applied as a sanitation method of pure´es to inactive microorganisms while bioactive compounds are preserved. Therefore, the main objective of this study was to evaluate the effects on microorganisms, enzymes, color, and bioactive compounds of HHP-or thermalprocessed plum pure´es made of MIPEF-treated or untreated plums during storage.
MATERIAL AND METHODS

Material
Red flesh and skin plums (Prunus salicina Lindl. cv. Crimson Globe) were collected from a fresh fruit packing station. Sterile peptone water, plate count agar, yeast extract glucose chloramphenicol agar, and violet red bile agar were purchased from Merck KGaA (Darmstadt, Germany). Polyvinylpolypyrrolidone, Triton X-100, catechol, cyanidin-3-O-rutinoside, gallic acid, 2,2 0 -azino-bis-(3-ethylbenzothiazoline-6-sulfonate) (ABTS) diammonium salt and Trolox were purchased from Sigma-Aldrich (Madrid, Spain). Chromatography reagents were all chromatographic grade and purchased from Panreac Quı´mica SLU, (Barcelona, Spain). All other chemical and reagents used were of analytical grade.
Experimental design and selection of conditions. In order to evaluate the effect of MIPEF, plums were divided in two pretreatment blocks: (a) a half with no treatment (no MIPEF) (b) and other half with MIPEF treatment (0.4 kV/cm, 5 pulses) as shown in Figure 1 . Pure´es were manufactured at two different conditions: (a) pure´e with no additives, and (b) pure´e with 0.5% (w/w) of AA. AA was added during the blending process. Then, pure´es were submitted at two different processing: (i) TT (75 C 30 s) and (ii) HHP process (600 MPa, 1 s) and were compared to nonprocessed pure´es. The equivalence of the treatments was established according to the study of Timmermans et al. (2011) which establish the microbiological criteria in Food Science and Technology International 24(2) order to set up equivalent comparison between novel and traditional technologies. It is quite difficult to decide the criteria to compare different processing parameters in equivalent basis, and we chose the microbiological criteria. Treatment conditions were compared based on the inactivation of the pathogen of reference for a product with pH <4.6 and a w > 0.85. Three pouches per treatment (TT and HHP) were analyzed. Finally, pure´es pouches were stored at refrigerated conditions (4 C) for 40 days to evaluate the shelf life. Instrumental color and microbiological analysis were performed in each day of sampling. Untreated sample was not evaluated during the refrigerated storage since theses pouches were not stable from a microbiological point of view. Pouches were frozen at À40 C until the rest of the analyses were performed.
MIPEF processing of plums. MIPEF treatments were conducted in batch mode using an equipment manufactured by Physics International (San Leandro, CA, USA), which can deliver pulses from a capacitor of 0.1 mF with an exponential decaying waveform. A stainless steel parallel plate treatment chamber separated by 10 cm was used. A batch of six plums was placed in the treatment chamber filled with tap water. Plums were treated at 0.4 kV/cm using five monopolar pulses of 4 s at a frequency of 0.1 Hz according to a previous study (Ribes-Ribes et al., 2013) . MIPEF-treated plums were collected and immediately refrigerated at 4 C during 24 h. Untreated plums were stored separately at 4 C during 24 h. Two replicates of each treatment were carried out. Once plums were treated by MIPEF, after 24 h an assay of total phenolic content, total antioxidant activity (TAA), and anthocyanins determination (Cyanidin-3-O-glu and Cyanidin-3-Orut) were made in fruits. There was an increment of 16.0% of TPC, 11.3% of TAA, 16.1% of Cy-3-O-glu, and 9.7% of Cy-3-O-rut, respectively.
Plum purée manufacture. Plums, previously treated or not by MIPEF, were washed, stoned, and chopped without peeling in an electric blender (Thermomix; Vorwerk, Madrid, Spain) for 1 min. One kilogram of stoned plums were used per batch of pure´e and all batches were unified before packaging. AA was added to prevent browning at this step in pure´es. Untreated pure´e quality characterization was carried out: 15.8 Brix; pH ¼ 4.1; titratable acidity ¼ 1.27 g malic acid per 100 g of sample weight. Pure´e was packed in plastic polyethylene (9.3 ml O 2 /m 2 /24 h at 0 C) pouches with 100 g of pure´e which were vacuum heat sealed (ILPRA, UM 18-GAS DIG. Barcelona, Spain). Pouches pure´e were as quickly processed as possible (around 1 h).
HHP processing of plum purée. The pure´es were pressurized (HHP) at 600 MPa for 1 s in a semi-industrial hydrostatic pressure unit with 55 l of capacity (Hiperbaric Wave 6000/55; Burgos, Spain). Initial water temperature inside the vessel was 10 C, and initial temperature of the pure´es was 4 C. Time to reach 600 MPa was 230 s. When high pressure treatments at 600 MPa were applied, the temperature reached in the sample was approximately 25 C due to the adiabatic compression. The temperature increase due to adiabatic heating was approximately 2.5 C/100 MPa (Buzrul et al., 2008 TT of plum purée. For the application of the TT, pure´es pouches were heated in a water bath (the temperature of a water baht was 90 C) equipped with a thermoregulatory Techne TE-10A (Bibby Scientific Limited, UK) until they achieved a core temperature of 70 C for 30 s (approx. 30 min). Pure´es samples core temperature profile was recorded using an Ellab Copenhagen (mod. Ctf. 84) data module.
After processing (TT and HHP), pouches were submerged in an ice water bath to rapidly reduce the pure´e temperature.
Methods
Microbiological analysis of plum purée. Initially, 10 g of plum pure´e were dissolved into 90 ml of 0.1% (w/v) sterile peptone water, in sterile filter bags, introduced into Stomacher 400 circulator (mod. SEWARD) for 1 min at 300 r/min to improve the dispersion of microorganisms in the solution and a further decimal dilution was performed thereof. Then 1 ml of the solution was poured into two sterile petri plates and gently mixed with the appropriate agar. Depending on the microorganisms investigated different media and incubation settings were used according to the relating ISO standards. For the analysis of mesophilic total counts (ISO 4833-1:2013) 15-20 ml of plate count agar was utilized and plates were incubated at 30 C for 72 h. After incubation the bacterial colonies were recorded and CFU was calculated.
Psychotropic total counts (ISO/NP 17410). Preparation was similar as for mesophilic counts but plates were incubated at 17 C for five days. Molds and yeasts (ISO 21527:2008) . A 1 ml aliquot of the solution used in the aerobic colony count determination was poured into each of three petri plates, and 15-10 ml of yeast extract glucose chloramphenicol agar was then added. When solidified, plates were incubated at 25 C for five days. Enterobacteriaceae (ISO 21528-2:2004) . One milliliter of the solution used in the aerobic colony count determination was poured into each of two petri plates, and 8-10 ml of violet red bile agar, prepared following manufacturer indications, was then added. When solidified, a second layer of culture media (8-10 ml) was added. When solidified, plates were incubated at 37 C for 24-48 h, and then colonies were recorded. Nonprocessed samples were only analyzed at day 1 because of their microbial spoilage during refrigerated storage.
Polyphenol oxidase (PPO) enzyme activity of plum purée. The extraction and assay of the enzyme were carried out as described by Terefe et al. (2010) with some modifications. A part of plum pure´e sample (5 g) was mixed with 10 ml of the extraction solution (0.2 m phosphate buffer, 1 m NaCl, 4% polyvinylpolypyrrolidone, 1% Triton X-100, adjusted to pH 6.5) for 3 min and centrifuged (Centrifuge Allegra 25R, Beckman Coulter, Inc.) at 22,300 Â g at 4 C for 30 min. To obtain the enzyme extract, the supernatant was filtered through a Whatman#1 paper. Then 100 ml of the enzyme extract was added to 3 ml of 0.1 m catechol in 0.05 m sodium phosphate buffer (pH ¼ 6.5) solution in order to determine the activity of the enzyme spectrophotometrically. The measures were carried out by recording the color changes at 400 nm for 1 min using an UV-Vis spectrophotometer (UV-2450, Shimadzu, Japan). The relative activity of PPO was calculated according to equation (1) RA
where A and A 0 are the absorbance of the treated and control samples, respectively.
Instrumental color of plum purée. A Konica Minolta Spectrophotometer CM-3500d was used to measure the instrumental color. A petri plate special to measure color was filled with each pure´e sample, taking care to exclude air bubbles, and was placed into the 30 mm aperture masks. Reflectance measurements were made using geometry d/8 (diffuse illumination and 8 viewing angle) with the primary illuminant D65.
Total color differences (ÁE) were calculated using Anthocyanins determination in plum purée. Extractions of anthocyanins were carried out as described by Mullen et al. (2002) with some modifications. To obtain anthocyanins extract, 10 g of plum pure´e was mixed with 10 ml MeOH 1% HCl, and then centrifuged (Centrifuge Allegra 25R, Beckman Coulter, Inc.) at 22,300 Â g at 4 C for 10 min. Supernatant was filtered. The process was repeated twice. The extracts were purified with a Sep-Pak Õ C18 (Waters S.A., Barcelona, Spain) preactivated with H 2 O and MeOH. Total anthocyanins content was measured spectrophotometrically at 520 nm using cyanidin-3-O-rutinoside as standard solution.
Determination of individual anthocyanins was carried out as described by Gonza´lez-Go´mez et al. (2010) .
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Five micoliter aliquots of plum pure´e extract were separated using a Phenomenex Õ Aqua C18 column (150 mm Â 4.6 mm; 5 mm I.D.) (Phenomenex, Madrid, Spain) and eluted at 0.5 ml min À1 with a 45 min gradient of 10-30% acetonitrile in water containing 0.1% TFA (v/v). To identify and confirm peak compounds, a single quadrupole mass spectrometer equipped with an electrospray ionization interface and operated in positive ion mode was used. A diode array detector was used for the quantifications with the registered peak areas at 520 nm. A standard solution for each compound was used to quantify individual anthocyanins.
Total polyphenol content (TPC) of plum purée. A filtered supernatant from 5 g of pure´e centrifuged (Centrifuge Allegra 25R, Beckman Coulter, Inc.) at 22,300 Â g and 4 C for 15 min was used to obtain phenolic extracts. To determine TPC Folin-Ciocalteu reagent was used according to the method of Singleton and Rossi (1965) , mixing 1 ml of phenolic extract, 3 ml of saturate sodium carbonate solution and water to make up 25 ml. After an hour in darkness, the absorbance was measured at 760 nm using gallic acid as a standard. Results were expressed as mg gallic acid equivalent 100 g À1 fresh weight.
TAA of plum purée. TAA was estimated according to the method established by Cano et al. (1998) with some modifications. The antioxidant capacity was measured using ABTS diammonium salt radical cation assay. A solution 1:5 of phenolic extract in water was used for measurements. A UV-Vis spectrophotometer (UV-2450, Shimadzu, Japan) at 750 nm was used for measurements. The results were expressed as mg of Trolox 100 g À1 of fresh weight. 
RESULTS AND DISCUSSION
Microbiological analysis of plum purées Table 1 shows the microbiological changes of the pure´es manufactured with plums treated by MIPEF and without the treatment (no MIPEF) and processed by TT or by HHP during the refrigerated storage. The application of MIPEF in fruit did not significantly modify the microbial counts of plums pure´es, which could be caused by the low intensity of the pulses applied. In fact, the aim of the application was not to inactivate microorganisms but to increase bioactive compounds content. Mesophilic, psychrotrophic, and molds and yeasts counts of untreated pure´e ranged between 2.4 and 3.7 CFU g À1 . Enterobacteriaceae counts were below the detection limit (<1 log CFU g À1 ). After processing (TT or HHP), the initial counts of mesophilic, psychrotrophic, and molds and yeasts were reduced to around 1 log CFU g À1 and a maximal count of the mesophilics of 1.7 CFU g À1 was detected. The counts of processed pure´es were similar since the intensity of the treatments applied was chosen according to their equivalent bases of reduction of microorganisms. Our results obtained for samples processed by TT or HHP showed a similar bacterial load to that found in plum pure´e (Gonza´lez-Cebrino, et al., 2013) and in other fruit pure´es, like nectarine pure´e (Garcı´a-Parra et al., 2011 , kiwi pure´e (Ferna´ndez-Sestelo et al., 2013) , mango pure´e (Guerrero-Beltra´n et al., 2006) , and apple pure´e (Landl et al., 2010) .
At day 20 and 40 of storage, 1 log CFU g À1 of mesophilic microorganisms was detected. The remaining microorganisms were below the detection limit of the method. In this type of fruit, the low pH of the pure´e (pH 4.1) allows the preservation of the processed product during the shelf life since the high acidity of pure´e avoids the growth of microorganisms and may increase the lethality of HHP treatment Bull et al., 2004) . Previous studies have suggested that HHP can disrupt bacterial cell membrane and cause leakage of cytoplasm (GuerreroBeltra´n et al., 2005) and may also allow the entry of antimicrobials into the cells more easily than in the absence of HHP. It was also speculated that the HHP processing may cause sublethal injury to bacteria, which could become more susceptible, in our case, to the natural antimicrobials and organic acids in plum pure´es (Huang et al., 2013) . The effect of refrigerated storage should also be considered, given that HHP processing appear to delay the starting of the microbial growth phase during refrigerated storage (Briones et al., 2010; Cruz-Romero et al., 2008) .
Microbiological results obtained after processing the pure´es (TT or HHP), both methods would be appropriate to preserve the shelf life of pure´es for at least 40 days.
Polyphenoloxidase (PPO) enzyme activity in plum purée
The relative PPO activity (%RA) compared to untreated plum pure´e at day 1 (untreatedþ no AA þ no MIPEF) is shown in Figure 2 . The %RA varied as a result of the pretreatments and the type processing and ranged between 124% (MIPEFþ no AAþuntreated) and 88% (no MIPEF þ AA þ TT). First, the application of MIPEF to plums increased the activity of the PPO to 124% in the untreated pure´e. This enzyme activation could be attributed to the fact that MIPEF treatment permeabilized the fruit's tissues, and thus improving a subsequent release of substrates which facilitates the contact of enzymes with substrates. For this reason, although some of the processing applied slightly reduced the activity of this enzyme, in general, all pure´es manufactured with plums pretreated with MIPEF presented higher PPO activity at day 1. This effect could be negative for the preservation of bioactive compounds, which is the final aim of the application of this pretreatment. The presence of PPO leads to a lowering of the native antioxidants and polyphenols due to browning by oxidizing phenolic compounds, which subsequently form brown compounds (Ro¨ssle et al., 2010) . This could lead to a decrease in the nutritional status of the product, as a significant portion of health promoting properties is attributed to polyphenolic compounds (Tsao et al., 2005) .
The addition of antibrowning agents, like AA, or the reduction of pH is also helpful as additional hurdles for enzyme inhibition or denaturation (Guerrero-Beltra´n et al., 2005) . However, in our study the addition of AA during the manufacture of plum pure´e did not modify the activity of the PPO, but TPC in our plum pure´e with AA was greater than other without this compound. This agrees with previous studies by Arias et al. (2007a Arias et al. ( , 2007b who reported that the AA did not act on the PPO activity but on the oxidized products of the reaction.
At day 1, pure´es from no MIPEF plums were more susceptible to reduction of %RA as a result of TT than HHP; the TT was more effective to reduce the activity of the PPO than HHP. Indeed, thermal processing (blanching) is the principal way of reducing enzyme activity, but the TT applied in this case was insufficient to inactivate the enzyme. Gonza´lez-Cebrino et al. (2013) reported no significant effect on PPO of plum pure´e treated by HHP (400-600 MPa/1-300 s/room temperature) due to the extreme stability of the enzyme against pressure treatments. The apparently observed low or no inactivation of PPO in vegetables after HHP is probably due to increased release of membrane-bound enzymes while apparent activation due to extraction may counteract the inactivation effect of pressure in tissue system (Terefe et al., 2014) . However, PPO activity after HHP treatment will depend on the specific type of fruit or vegetable (Guerrero-Beltra´n et al., 2005) . In general, enzymes from plum are very resistant to pressure (Gonza´lez-Cebrino et al., 2013) .
PPO %RA varied at day 20 from 112% (MIPEF þ HHP) to 74% (MIPEF þ AA þ TT), and finally at day 40 varied from 118% (no MIPEF þ AA þ TT) to 83% (MIPEF þ AA þ TT). Therefore, no treatment was sufficiently effective to reduce the activity of the PPO during the storage. Probably more intense treatments (TT or HHP) would be necessary to reach longer enzymatic shelf life during the refrigerated storage of the commercial product. Table 2 shows the instrumental color values (CIE L*, a*, and b*) of the plum pure´es after processing and after refrigerated storage. In general, thermally treated pure´es showed higher lightness (higher CIE L*) and redness (higher CIE a*) than untreated and HHP pure´es. In contrast, HHP showed similar color values as untreated pure´es. Other authors observed a significant increase in CIE L* values, being lighter color in orange juice (Barba et al., 2010) or apple pure´e (Landl et al., 2010) . Plum pure´es manufactured with the addition of AA showed higher CIE L*, a*, and b* than those manufactured without AA which is in agreement with the observations of Garcı´a-Parra et al. (2014), where the addition of AA during the manufacture of nectarine pure´es increases color parameters, showing a brighter color. With respect to the effect of the application of MIPEF to the plums, the pulses slightly decreased the CIE L* of the pure´e while the values of CIE a* and b* were similar to the untreated pure´e with no treatment. In addition, the application of MIPEF in plum and the processing of pure´es without AA and by HHP showed the lowest values of CIE L*, a*, and b*. In contrast, Bazhal and Vorobiev (2000) and Knorr and Angersbach (1998) observed the enhancement of the diffusion of intracellular substances from cell plant caused by membrane breakdown which could result in an increase of colored compounds, and ultimately an increase in color.
Instrumental color changes in plum purée
At day 20 of storage, thermally treated pure´e, and especially those pure´es blended with AA addition, showed the highest values of CIE L*, a*, and b*. In contrast, pure´es manufactured without AA addition and processed by HHP showed lower values than those thermally treated. Concretely, the lowest values were found in pure´es from plum treated by MIPEF, manufactured without AA addition and processed by HHP. A similar behavior was found after 40 days of storage.
The instrumental color changes (ÁE) calculated from the color parameters L*, a*, and b* of the various nonthermal and TTs are shown in Table 3 . It has been considered (Cserhalmi et al., 2006 ) that a ÁE of 2 would be a noticeable visual difference. The ÁE values were lower for the pure´e treated by HHP than those obtained after thermal processing in all cases at day 1 which shows that the application of HHP had a smaller effect on color changes compared to thermal processing. Patras et al. (2009) reported similar results for strawberry and blackberry pure´es. They observed that high pressure treatment produced a lower color difference in comparison with fresh sample than thermally processed juices or pure´es. In general, treatments with AA had lower ÁE values than those without AA. Therefore, AA could be an additive adequate to protect color changes. 
Changes in anthocyanins in plum purée
Anthocyanins are a group of red-purple pigments in skin and pulp of red plums, only if the 3-hydroxy position is glycosylated, the compound is called anthocyanidin. The main anthocyanin in red plum pure´e was cyanidin-3-glucoside (Cy-3-glu) followed by cyanidin-3-rutinoside (Cy-3-rut) which agree with that reported by Toma´s-Barbera´n et al. (2001) . Individual anthocyanins content was affected by MIPEF pretreatment of plums and the subsequent treatments (TT or HHP) applied in pure´es (Table 4 ). The highest anthocyanins content was found in those pure´es from plums pretreated with MIPEF, manufactured with AA addition and processed by HHP. In contrast, the lowest contents were found in pure´es from plums non-MIPEF pretreated, manufactured without AA addition and nonprocessed (untreated pure´e). In general, other authors have also reported that anthocyanins are stable at HHP treatment: for example, Patras et al. (2009) reported anthocyanins in blackberries and strawberries pure´e were well retained at pressure treatment (600 MPa/ 15 min/20 C); Garcı´a-Palazo´n et al. (2004) reported in red raspberry and strawberry great stability at 800 MPa/15 min/18-22 C. Gimenez et al. (2001) reported an increase in anthocyanins concentrations in high pressure-treated strawberry jam samples than equivalent thermally processed. However, other studies have reported increased extractability of pigments at after HHP (De Ancos et al., 2000; Sa´nchez-Moreno et al., 2005) . In all cases, the addition of AA was positive to preserve the anthocyanins content during the manufacture of pure´es, since these pure´es showed higher anthocyanins content. Generally, AA and anthocyanins diminish simultaneously in fruit juices, suggesting a direct interaction between these compounds (Malec et al., 2014) .
Regardless of pretreatment applied, at day 1, no significant differences in anthocyanins content were found between processing by HHP or TT. In this case, there is not a clear advantage of applying HHP with respect to the TT, although in general mean values of pure´es after HHP were higher than after TT. AA is a well-known heat-sensitive compound and therefore treatment temperatures can greatly affect the rate of its degradation (Veervoot et al., 2011) , therefore the HHP treatment would be desirable compared to a conventional TT. On the other hand, Leong and Oey (2012) found an increase in anthocyanin content in heated fruits like cherries, peaches, and plums as a result of release of membrane bound phytochemicals into the medium, leading to an increment of concentration. Therefore, the content of anthocyanins after heating is a net result of a combined increase in phytochemical extractability and leaching.
At day 20 of storage, the lowest content of Cy-3-Oglu and Cy-3-O-rut was found in pure´es from non-MIPEF pretreated plums, manufactured without AA addition and processed by HHP. In contrast, the highest values of Cy-3-O-glu were found in those pure´es manufactured with AA addition and processed by HHP. At this time of storage the addition of AA appears to be critical to maintain individual anthocyanins.
At the end of storage, the pure´es with the highest anthocyanins content were those from plums pretreated with MIPEF, manufactured with AA addition, and processed by HHP. These results could indicate that MIPEF pretreatments of plums and HHP applied to pure´es were effective in more or less extent to increase the content of these bioactive compounds in the processed pure´e.
In comparison, the AA addition had a more protective effect for the preservation of these bioactive compounds than processing conditions. MieszczakowskaFrac et al. (2012) found increasing anthocyanins content in plum juice with AA addition compared to juice without it, which could indicate that preventing enzymatic browning is an essential step in production of plum juices.
However, the addition of AA should be carefully taken into account due to combined presence of O 2 and AA has also been demonstrated to have a synergistic effect on anthocyanin degradation. Iversen (1999) concluded that presence of AA under aerobic conditions influences negatively anthocyanins concentration when the amount of AA is elevated.
On the other hand, anthocyanins have been reported to be stable to HHP up to 600 MPa (Aaby et al., 2007; Garcı´a-Palazo´n et al., 2004; Konuiaki et al., 2004; Patras et al., 2009; Zabetakis et al., 2000) . Regarding to storage, Suthanthangjai et al. (2005) studied the effect of HHP (200-800 MPa/room temperature/ 15 min) in raspberry pure´e and observed the highest stability of the anthocyanin when pure´e was pressurized at 200 or 800 MPa and stored at 4 C.
TAA, polyphenols, and anthocyanins content in plum purées
The TAA and the indices of total polyphenols and anthocyanins content of the plum pure´es are shown in Table 5 . Significantly highest values of TAA were found in the pure´es manufactured with AA addition at day 1. Similarly, the total polyphenols and anthocyanins content were better preserved when pure´es were manufactured with AA addition. The addition of AA for the manufacture of pure´es increased importantly the TAA. This compound can be classified as a potent water-soluble antioxidant and acts preferably via hydrogen donation, which may explain why it was a stronger predictor for the ABTS test (Kaulmann et al., 2014) . However, in the study of Garcı´a-Parra et al. (2014) , the addition of AA (400 ppm) during the manufacture process of a nectarine pure´e did not increase the TAA of the pure´e compared to the pure´e blended without additives. It is possible that the differences in the TAA could be associated to the protective effect of the AA on other antioxidant compounds noncontained in the nectarine, like anthocyanins or some polyphenols, which could act as antioxidant.
Regarding the effect of the processing (TT versus HHP), when pure´es were manufactured with AA and then they were processed by TT, the TAA was significantly improved. In contrast, Gonzalez-Cebrino et al. (2013) found that treatments at 400-600 MPa/1-300 s (10 C) were effective for the maintenance of the antioxidant activity of a red flesh and peel plum pure´e. Other authors have also reported that HHP preserves the nutritional value of vegetables and fruit processed products without important losses of the contents of antioxidant compounds (Patras et al., 2009; Tiwari et al., 2009) .
Initially, the effect of the application of MIPEF to plums did not produce an important increase of the indices evaluated in pure´es. Only the TAA of the pure´es from plums pretreated with MIPEF and Food Science and Technology International 24(2) manufactured with AA was significantly increased. Vallverdu´-Queralt et al. (2012 , 2013a attributed the high concentration of phenolics and carotenoids of tomato juice made from MIPEF-treated tomatoes to a MIPEF-induced stress response enhancing metabolic activity of tomatoes and accumulating secondary metabolites. Moreover, it is possible that MIPEF application also increased the breakdown of plant cell membranes by enhancing the release of antioxidants. The addition of AA may prevent degradation of compounds released by MIPEF treatment.
The total polyphenol index was similar to the TAA, being highest content of this compound in treatments with AA. No significant differences between the no MIPEF and MIPEF-treated plums were appreciated. In any case, treatment with AA addition (TT or HHP) obtained a significantly increase of TPC compared to initial.
At day 20 and 40 of storage, the pure´es with the highest TAA and polyphenols content were those pure´es from non-MIPEF pretreated plums, manufactured with AA addition and processed by TT. In contrast, pure´es with the lowest TAA and polyphenols content were those manufactured without AA. This would be caused by the protective effect of AA as it was previously explained.
The total anthocyanins content at day 20 was not significantly different between treatments. However, at day 40, the highest values were found in pure´es from plums pretreated with MIPEF, manufactured with AA addition and processed by HHP. These results would be in line with that previously explained for the changes in the anthocyanins compounds where the pure´es with the highest individual anthocyanins content were those from plums pretreated with MIPEF at same conditions. These results could indicate that combination of MIPEF pretreatment of plums and HHP processing of the resulting pure´es and also the addition of AA were effective in more or less extent to increase the content of these bioactive compounds.
Total anthocyanins content and CIE a* showed significant positive Pearson correlation (r ¼ þ0.465; p < 0.05). Similarly, positive correlations were found between the levels of the anthocyanin compound (Cy-3-rut) and CIE a* (r ¼ þ0.514; p < 0.01) that would be indicative of the relationship between anthocyanins levels and red color intensity of processed pure´es. Similar results were reported by Patras et al. (2009) . In addition, correlations between total anthocyanins content and CIE a* were even higher in refrigerated storage at day 20 (r ¼ þ0.697; p < 0.001) and day 40 (r ¼ þ0.714; p < 0.001).
The different behavior of the TAA, total polyphenols, and total anthocyanins content could indicate that the antioxidant activity of this plum variety could be more associated to polyphenols. Antioxidant activity was measured by technique type (ABTS reaction) being this procedure chemically related to Folin-Ciocalteu method, known usually as total phenolic compounds. Both measurements are based on the same type of chemical reaction applied to measure antioxidant activity. On the other hand, total anthocyanins content is a direct measure of the concentration, which does not mean that the anthocyanin compounds have antioxidant activity.
Multivariate analysis
A PCA was carried out to determine the relationship between treatments applied and the effect on plum pure´es. PCA analysis allows carrying out a global vision of parameters obtained. A PCA with data of day 1 was carried out but it is not shown because correlations were low to consider relevant. Figure 3(a) shows the score plot of the different variables (coefficients of the eigenvectors) for the two first principal components (PC#1 and PC#2) of the parameters at day 20 of storage. The 71.5 and 13.4% of the variability was explained by PC#1 and #PC2, respectively. In the positive axis on the PC# are located instrumental color and bioactive compounds parameters, while in the negative axis only is located PPO activity. Most of the variation of the data can be explained by parameters distribution on PC#1. As a result, the distribution of the individuals on the two first PC (Figure  3(b) ) showed two divided groups of points separated by the PC#1 which corresponds to the pure´es manufactured with or without AA. Pure´es manufactured with AA showed better color and higher bioactive compounds levels. The addition of AA was the most determinant factor that influenced the changes in the quality parameters of processed pure´es.
Similarly, Figure 4 (a) shows the score plot for the two first PC#1 and PC#2 of the parameters at day 40 of storage. The 70.6 and 13.2% of the variability was explained by PC#1 and PC#2, respectively. On the PC#1 parameters are distributed following a similar pattern as in Figure 3(a) . However in the PC#2 instrumental color parameters are located in the positive axis while bioactive compounds parameters are in the negative axis. Most of the variation of the data can be explained by parameters distribution on PC#1 which differentiates between pure´e manufactured with or without AA. This would indicate (as results showed for data of day 20) that the addition of AA was the most determinant factor that influenced the changes in the quality parameters of processed pure´es. In fact, pure´es manufactured with AA would have better color and bioactive compounds levels. In addition, the PC#2 also allows the differentiation between pure´es processed by TT (positive axis of PC#2) and HHP (negative axis of PC#2). At the end of the storage, the type of processing (TT versus HHP) would also influence the final quality of pure´es. In this case, pure´es processed by TT would have better color while HHP would be associated to a higher level of bioactive compounds at the end of storage. 
Economic investment and profitability of implementation of MIPEF and HHP treatments
The application of the MIPEF to fruits is at this moment could be carried only out in lab-or pilotscale. Further researches are necessary for the optimization of process parameters and energy efficiency. However, this could be also improved in future and this fact should not avoid the advance of research in this area. In the case of treatments by HHP, despite the equipment are relatively expensive, this is a processing technology with great success at industrial level since it allows the production of high-quality food products.
CONCLUSIONS
The application of MIPEFs to plums slightly increased the levels of some bioactive compounds such as anthocyanins and the antioxidant activity of plum pure´es. This is a new research line and further studies would be necessary to optimize the treatments. On the other hand, the addition of AA during the manufacture of plum pure´e was a deciding factor for the final quality of pure´es to preserve the color and the bioactive compounds content. In addition, the application of HHP as mild processing technology that inactivate spoilage microbial maintain the levels of bioactive compounds in pure´es. However, the TT was more effective to maintain color stability during storage. Anyway, more intense treatments are necessary to try to reduce the polyphenoloxidase activity of the enzyme, which could improve the commercial shelf life of pure´es. The application of MIPEF to plums and HHP to the resulting pure´es could be proposed as a strategy for producing and preserving plum pure´es with high antioxidant potential. 
